Objectives-Previous reports have shown raised plasma concentrations of homocysteine in older persons with cognitive impairment. This may be caused by environmental and genetic factors. The relation between cognitive function and a common ala/val mutation in the methylenetetrahydrofolate reductase (MTHFR) gene was studied in those over 85. Homozygous carriers of this mutation are characterised by a lifelong exposure to moderately raised plasma concentrations of homocysteine. Methods-In the Leiden 85-plus Study, a population based study of persons aged 85 years and over, the score on the mini mental state examination (MMSE) and the presence of dementia dependent on the MTHFR genotypes were compared in 641 participants (456 women, 185 men) at baseline. In addition, the association between the MTHFR genotype and cognitive decline was studied by re-examining cognitive function of 172 participants without dementia at baseline after a median follow up of 4.0 years. Results-At baseline, carriers of the ala/ ala genotype had a median MMSE score of 27 points (interquartile range (IQR) 21.5-29), for the ala/val genotype it was 26 points (IQR 20-29), and for the val/val genotype it was 27 points (IQR 20-28.3) (p=0.3). The prevalence of dementia was also not significantly diVerent for the various genotypes (ala/ala 22%, ala/val 28%, val/val 27%; p=0.4). None of the carriers of the val/val genotype without cognitive impairment at baseline developed dementia during the follow up. Conclusions-Although previous studies have shown that older persons with cognitive impairment have raised plasma concentrations of homocysteine, homozygosity for the ala to val mutation in the MTHFR gene is not a genetic risk factor for cognitive impairment in persons aged 85 years and over. (J Neurol Neurosurg Psychiatry 1999;67:535-538) 
High circulating concentrations of homocysteine in carriers of a genetic deficiency of cystathionine -synthase-that is, homocysteinuria-cause premature atherosclerosis and cognitive impairment at middle age. 1 It has yet to be determined whether moderately increased concentrations of homocysteine give rise to cognitive impairment at an older age. Several studies have reported on increased plasma concentrations of homocysteine in older persons with cognitive impairment.
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The associations from these cross sectional surveys, however, do not necessarily imply causality, because plasma concentrations of homocysteine are influenced by various environmental factors such as folate status, malnutrition, renal failure, hypertension, recent cardiovascular events, cigarette and coVee consumption, and lack of exercise. 1 7 Recently, a common C 677 to T (ala to val) mutation in the methylenetetrahydrofolate reductase (MTHFR) gene was identified that leads to a moderate disturbance of the methionine/homocysteine metabolism by rendering the enzyme thermolabile. 8 On average the carriers of the homozygous mutated genotype val/val, 9% to 13% of the white population, have increased plasma concentrations of homocysteine compared with heterozygous and non-carriers. [9] [10] [11] In healthy young males the plasma concentrations vary from 10.0 µmol/l in carriers of the normal genotype, 10.4 µmol/l in heterozygous, and 16 µmol/l in homozygous carriers of the mutated genotype. 11 We tested the hypothesis that homozygous carriers of the MTHFR polymorphism, reflecting a long term moderately increased plasma concentration of homocysteine, are at risk of cognitive impairment at an older age. As part of the Leiden 85-plus Study, we genotyped 641 participants for the MTHFR polymorphism who were repeatedly evaluated for cognitive function and the presence of dementia.
Materials and methods
The Leiden 85-plus Study is a population based, prospective follow up study of morbidity and mortality in the oldest old. The design of the study is reported elsewhere. 12 Briefly, during 1986 to 1988 a total number of 976 inhabitants of the city of Leiden, The Nether-lands, aged 85 years and over were visited at home by medical doctors. The medical ethics committee of the Leiden University approved the study, and informed consent was obtained from all participants. The baseline visit incorporated the mini mental state examination (MMSE), and a routine blood analysis. After HLA typing, which was a primary goal of the study, suYcient cellular material was available for determination of MTHFR genotypes for 641 of these 891 participants (72%). Participants with an MMSE score below 24 points (n=226) were evaluated by a psychiatrist, using the Dutch version of the geriatric mental state schedule to diagnose dementia according to DSM-III criteria. 13 At baseline 148 participants had dementia whereas 444 participants did not have symptoms of dementia. For 49 participants the diagnosis of dementia was unknown as they refused a psychiatric interview.
Up to 1 March 1992, 233 of the 444 participants without dementia at baseline survived, and 172 participants could be revisited to assess a second MMSE score. Participants with a follow up MMSE score below 24 points (n=69) were evaluated by a medical doctor using the Dutch version of the geriatric mental state schedule-abbreviated. Using the computerised diagnostic system AGECAT, 37 participants had dementia whereas 122 participants did not have symptoms of dementia. Thirteen participants refused a psychiatric interview. 14 Genomic DNA was extracted from the original samples that dated from 1986-8. MTHFR genotyping was assessed by polymerase chain reaction (PCR) amplification of a 198 bp fragment containing the C 677 to T transition, followed by digestion with HinfI as previously described by Frosst et al. 8 All continuous data are presented as medians and interquartile ranges (IQRs), representing the 25% and 75% percentiles of the distribution. DiVerences between groups were compared using 2 , Wilcoxon, and KruskalWallis tests, which do not assume an underlying distribution of the data.
Results

BASELINE MEASUREMENTS
The median age of the 641 participants was 89.1 years (IQR 87.5−91.6). The overall distribution of the MTHFR genotypes was 46% ala/ ala (n=297), 45% ala/val (n=286), 9% val/val (n=58), and was in Hardy-Weinberg equilibrium. The MTHFR distribution was not diVerent between women and men (table 1,   2  2 =3.8, p=0.2).
The percentage of participants diagnosed with dementia was significantly higher in women than in men (28% v 18%; 2 1 =6.5, p=0.01). The distribution of the MTHFR genotypes in the 49 persons who refused a psychiatric interview was not diVerent from the distribution in the 592 persons who participated in the interview ( 2 2 =0.8, p=0.7). The MMSE scores and the prevalence of dementia stratified for the MTHFR genotypes and sex are presented in table 2. On entry to the study, cognitive function was not dependent on the MTHFR genotype. Among women, the MMSE scores and the prevalence of dementia were virtually similar in carriers of the various genotypes. In men, the MMSE scores were lower and the prevalence of dementia higher in carriers of the val/val genotype, but this did not reach significance (Kruskal-Wallis test p=0.2, and 2 2 =4.1, p=0.1).
FOLLOW UP MEASUREMENTS
In 1992, 172 participants (121 women and 51 men) without dementia at baseline were revisited. Their median MMSE score at baseline was 29 points (IQR 27-29). After a median follow up of 4.0 years the median decline in MMSE score was 4 points (IQR 1-7), and was not diVerent for the three genotypes (Kruskall- The distribution of the MTHFR genotypes in the participants who died during the follow up (n=211) was not diVerent from the distribution in the 172 participants who completed the cognitive measurements ( 2 2 =0.07, p=1.0). There was also no diVerence between the genotypic distribution in persons for whom the diagnosis of dementia was unknown (n=13) and the 159 participants who completed the psychiatric interview ( 2 2 =1.4, p=0.5).
Discussion
By contrast with general expectation, we found no relation between the common mutation in the MTHFR gene and cognitive impairment in older persons, neither in the cross sectional analysis nor during the follow up. These results did not diVer between women and men. Therefore, the data show that homozygosity for the ala/val mutation in the MTHFR gene is not a genetic risk factor for cognitive impairment in the oldest old. These data are in accordance with two recently published case-control studies that found a similar distribution of MTHFR genotypes in persons with and without dementia. 15 16 However, these findings are at odds with various cross sectional studies that report on an association between the plasma concentration of homocysteine and cognitive impairment.
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What has to be concluded when increased plasma concentrations of homocysteine are associated with cognitive impairment in older persons, whereas there is no association with the common MTHFR mutation? A possible explanation is that the increased plasma concentration of homocysteine is a phenomenon associated with cognitive impairment or its treatment, instead of being part of the causal mechanism. Particularly in cross sectional studies the possibility that the increased plasma concentrations of homocysteine in persons with cognitive impairment result from secondary environmental changes cannot be excluded. 1 7 When studying the distribution of the MTHFR genotypes in relation to cognitive impairment at older age, such a mechanism is not operating as the genetic code is invariable since conception.
A once measured plasma concentration of homocysteine is an inadequate indicator of long term exposure when the impact of moderately increased concentrations of homocysteine is studied as a risk factor of cognitive impairment at older age. Instead, homozygous carriers of the common MTHFR mutation have a lifelong exposure to increased concentrations of homocysteine, but we found the distribution of the genotypes to be similar. [9] [10] [11] Another possibility could be that the number of persons was to small to find significant diVerences between the MTHFR genotypes and the cognitive measurements. However, the present study is reasonably sensitive in detecting diVerences in genotypic distributions. It had an 80% power to detect a significant diVerence in homozygosity of 8% between persons with and without dementia, whereas a difference of 2% was found.
Conflicting results between the outcomes of studies that used plasma concentrations of homocysteine and studies that used the MTHFR polymorphism have been reported for other diseases also. Increased plasma concentrations of homocysteine were associated with the occurrence of stroke in a meta-analysis of cross sectional studies. 17 However, no association was found between the various MTHFR genotypes and the risk of stroke. 18 19 Also, within the Leiden 85-plus Study we found no relation between the MTHFR genotype and fatal strokes during a 10 year follow up period. 20 Similar discrepancies were found for the occurrence of coronary artery disease [21] [22] [23] and venous thrombosis. 24 Alternative hypotheses have been postulated to explain the discrepancies between studies that used plasma concentrations of homocysteine and studies that used the common mutation in the MTHFR gene. Firstly, the increase in plasma homocysteine evoked by the mutation in the MTHFR gene may be insuYcient to cause disease in old age, and only in combination with a low folate status will lead to a suYciently increased plasma concentration and disease. 9 This explanation is less likely to be relevant for an older population as nutritional deficiencies are relatively common. Secondly, it has been suggested that the mutation causes a redistribution of folate derivatives that have a concomitant beneficial eVect. 25 In this regard it is important to note that within the Leiden 85-plus Study male carriers of the MTHFR mutation are at a significantly higher mortality risk. 20 This indicates that even within the oldest old the MTHFR mutation is a relevant biological risk factor.
In conclusion, we did not find a relation between the common mutation in the MTHFR gene and cognitive impairment in the oldest old. As carriers of the mutation have had a long term exposure to moderately increased plasma concentrations of homocysteine, the present data do not provide evidence that homocysteine is a risk factor for cognitive impairment in the oldest old.
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